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Abstract 

Further to the successful mill trial at Federated Co-operatives Limited in August 1995, a need to optimize 
the veneer lathe incisor and determine the benefits was identified. While the feasibility study was carried 
out direcdy at the mill, a majority of this work was conducted at the Forintek laboratory. During the early 
stages of this project, much effort was given to upgrade the Forintek 14-inch mini-lathe so that it could 
run with an incisor bar. Then an incisor bar assembly was fabricated for bar pattern tests. Finally, a 
series of tests were conducted to determine the optimum operation condition for an incisor bar and the 
effects of incising on veneer quality and recovery. . 

The results showed that veneer is much flatter when peeled with a combination of incising and 
overdriving during peel. Species has a very strong effect on veneer flatness, especially spruce. Bar 
overdrive seems to be as equally important as incising. For the mini-lathe with which the tests were 
carried out, a 100.5% overdrive seems to yield the flattest veneer. Peeling speed and log conditioning has 
much less effect on veneer flatness than species and overdrive. Faster peeling speed and lower 
conditioning temperature seem to favour veneer flatness. 

According to the laboratory tests, veneer recovery can be increased by 5% from veneer stretching and 
flattening and reduction of spinout. An initial comparison also reveals that veneer peeled using an incisor 
bar may have less thickness variation and surface roughness. 

As a recommendation, fiirther tests should be carried out to determine the effects of incising on other 
processing and performance properties such as pressing and bonding. The incising technology should be 
implemented in plywood mills, particularly in the softwood plywood mills, which use a big bar lathe, 
because an incisor bar can be easily retrofitted. 
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1 Objectives 

To determine tiie benefits of veneer incising at the lathe, and 
To determine the optimum operating condition for an incisor bar lathe. 

2 Industry Liaisons 
Bi l l Turczyn, Federated Cooperatives Ltd 
Rob Bickford, Weldwood of Canada Ltd 

3 Staff 
Chunping Dai 
Brad J. Wang 
Feng Fu 
Frank Ma 

Composites Research Scientist 
Veneer/Plywood Scientist 
Visiting Scientist 
Composites Technologist 

4 Background 
Further to the successful mill trial at Federated Co-operatives Ltd. in August, 1995, a need to optimize 
the veneer lathe incisor and determine the benefits was identified. The initial incisor design showed that 
incising veneer at the lathe is feasible (Dai, 1996), but questions still remained as to what are the real 
benefits of veneer incising and how these benefits can be maximized. 

While the feasibility study was carried out directly at the mill, the majority of this work was conducted at 
the Forintek laboratory. In Forintek's Western laboratory, much effort was given to upgrade the 14-inch 
mini-lathe. Through these modifications, the lathe can run a power-driven incisor bar (Figure 1) at 
various speeds. The chucks and bar are driven by separate motors, speed of which can be controlled to 
specification. The lathe is also computerized for real time acquisition of data on the speed and the torque 
of the chuck and bar. These data are useful for dynamic analysis of the lathe during peeling. 

The parameters to be tested are listed in Table I. Overdrive is the incremental speed of the bar in relation 
to block speed. It is generally believed that the linear speed of the bar should run a little faster than that 
of the block so that a positive pulling force is exerted to enhance peeling and stretch the veneer. The 
other parameters were peeling speed, log conditioning temperature and species. Due to the lathe 
limitation, the peeling speeds for tests are much slower compared to what is used in the industry. Three 

5 Experimental Design and Procedures 



conditioning temperatures were used and tiiey cover tiie possible range used in the industry. Species 
tested were Douglas fir, spruce and pine which are typical peeler blocks in member mills. The testing 
blocks were acquired from Federated Co-operatives Ltd and put under a sprinkler before peeling tests. 
Each 8-foot block was cut into 7 sections of 14 inches which was a suitable size for the mini-lathe. 
During the breakdown, samples were properly marked according to their blocks (A, B, C) and sections (1, 
2,...,7). 

In total, four parameters and three treatments were tested with 2 replicates per treatment. The testing 
conditions are tabulated in Table 2. This so-called orthogonal experimental design allows for 
randomization of testing error and statistical analysis of the testing results. 

The veneer quality was evaluated in terms of veneer flatness, roughness, and thickness variation. The 
flatness was determined by placing a piece of veneer sheet (1-foot) on a table and evaluating the 
maximum height of veneer edge due to curl-up. The veneer recovery was measured based on the total 
length of veneer sheet at a given log diameter after round up. During each peel, the speed and torque of 
both chuck and incisor bar were acquired in real time through a data acquisition box. 

6 Results and Discussion 

6.1 The Dynamics of Veneer Peeiing using an Incisor Bar 

During the peeling, the linear peeling speed in terms of block speed and bar speed was kept constant. 
This required that the chuck rotation speed increased as the block diameter decreased during peeling 
(Figure 2). The linear speed of the incisor bar should, however, be set higher than that of the block in 
order to create a positive driving force on the block. A drive from the bar is usually preferred because it 
reduces pressure on the chucks and therefore spinouts. The importance of overdriving the incisor bar also 
lies in the need to create a pulling force on the veneer as it is being peeled. Pull from the incisor teeth is 
believed to be essential to flatten the veneer sheet. 

The torque changes in the chucks and the bar were monitored during each peeling process. Figure 3 is a 
typical observation for the incisor bar driven under two conditions, in which 100.5%, for example, means 
the bar linear speed is 0.5% higher than that of the block. In other words, the bar is driving the block 
during peel. The obvious fluctuation at the early stage of peel is due to the periodic contacts between the 
bar and the block during round up. After round up, the incisor bar becomes fiiUy engaged with the block. 
As a result, the bar driving torque peaks and maintains relatively constant until the end of peeling where 
the torque suddenly drops. 

Increasing bar overdrive seems to cause more bar speed fluctuation than increase in its average speed. In 
the case shown in Figure 2, at overdrive 100.5%, the average bar speed was 95.38 rpm and the standard 
deviation, 1.50, whereas at overdrive 102% the average bar speed was only 95.00 rpm and standard 
deviation, 2.04. The reason is that both the block and the bar are driven with their own gear system, 
which imposes a great deal of resistance for one system to drive another. 



6.2 Veneer Flatness 

The testing results on veneer quality in terms of veneer curl-up, thickness variation and surface roughness 
are summarized in Table 3 (vertical gap VG=0.49 inch and horizontal gap HG=0.106). In particular, an 
analysis of veneer flatness using the orthogonal statistical analysis technique was conducted and the 
results are tabulated in Table 5. Here the veneer flatness is evaluated by measuring veneer curl-up of 10 
X 14 -inches green veneer samples when placed on a flat table. 

In Table 4, parameters K and k represents, respectively, the total and average veneer curl-up at three 
different levels of treatment.' Factor R is the difference between the maximum and minimal values of 
average veneer curl-up. According to the orthogonal statistical theories, the calculated R value represents 
the relative importance of treatment, i.e., the greater the R value, the more important the treatment. Based 
on such calculations, species and bar overdrive have a more profound effect on veneer flatness than 
peeling speed and conditioning temperature. 

6.2.1 Effect of Species 

Among the species studied, spruce is worst and pine is best in terms of curl-up. The curl-up problem 
associated with spruce is well knowTi in the industry. Much veneer is wasted due to excessive curl-up. 
Such a problem usually gets worse when peeler blocks are dry and block or core diameter is small. 
Incising veneer at the lathe can substantially reduce the veneer curl-up as shown in Figure 4. It is also 
evident from this figure that veneer curl-up increases from sap to core. On one hand peeling to smaller 
core can improve veneer recovery. On the other hand, smaller core may yield less usable veneer due to 
curl-up. One solution to this problem may be the use of an incisor bar in place of a regular roller bar 
during peeling. 

6.2.2 Effect of Bar Overdrive 

An important finding from this test was the role of bar overdrive in veneer incising. In order to flatten 
veneer sheets, two actions must take place during peeling: incising and pulling. The first of these actions 
allows incisions to be created on the tight side of veneer and therefore tenderize the veneer. However, 
just incising itself may not be sufficient to flatten veneer since tenderization can only occur in veneer 
areas localized in proximity to incisions. To increase the tenderization effect, pulling veneer by the teeth 
becomes necessary. Pulling can stretch veneer sheet, create micro-cracks inside veneer and, in many 
cases, enlarge the incisions. A l l of these contribute to stress relaxation in the entire veneer sheet. It is 
worth noting that pulling also contributes to improving veneer recovery as will be discussed in the 
following section. 

The way to create the pulling effect during peeling is to set an overdrive on the incisor bar by 
programming the bar speed slightly higher than that of the block. Figure 5 compares veneer curl-up with 
and without bar overdrive. The noticeable difference between the two may well explain the necessity of 
both incising and pulling to veneer flatness. However, the extent to which the bar should drive the block 
is very complex and difficult to determine. Part of it is due to the lathe drive system and the other is 
probably due to wood species. For SPF peeled using the mini-lathe, an overdrive of 100.5% appears to be 
the most suitable (Table 4). 



6.2.3 Effects of Peeling Speed and Log Conditioning Temperature 

Table 4 indicates that increasing peeling speed and reducing conditioning temperature appear to improve 
flatness but has less effect than overdrive and species. In a related study conducted in a member plywood 
mill, faster peeling speed resulted in smoother veneer. The speculation then was that due to wood 
viscoelasticity, increasing speed shortens the time span between wood compressing (due to the bar) and 
peeling (due to the knife) and therefore allows veneer to be peeled under more wood compression. 
Regarding the effect on veneer curl-up, increasing peeling speed tends to increase the frequency of teeth 
vibration inside veneer and therefore may facilitate relaxation of intemal stresses in veneer. 

6.3 Veneer Thickness Variation and Roughness 

In theory, a lathe with an incisor bar should yield better quality veneer than a lathe with a regular bar. 
This is because incisor teeth can apply a direct cutting force right in front of the knife, whereas normal 
chucks can only generate cutting forces through torsion, which is indirectly transferred from the core to 
the knife. To check this hypothesis, the results from this test were compared with the results from a 
previous study in which veneer was peeled using the Forintek 4-foot lathe with a regular big bar (Dai and 
Sallahuddin, 1996). Table 5 clearly demonstrates the superior quality of veneer peeled using an incisor 
bar compared to veneer peeled with a regular bar. With use of an incisor bar, the average veneer 
thickness variation is 52% lower and average roughness is 20% lower. Note that while it is encouraging, 
the result should be fiirther verified in a control experiment on the mini-lathe. 

6.4 Veneer Recovery 

One of the most important advantages of incising veneer at the lathe is improvement in recovery. Incising 
can contribute to increasing veneer recovery in number of ways. First it is estimated that 1% more usable 
veneer can be generated by reducing the amount of curl-up veneer lost to the chipper. Second a 
significant reduction in spin-outs can be anticipated due to the reduction in pressure on chucks. Finally 
veneer recovery is increased due to veneer stretching caused by teeth pulling. 

6.4.1 Veneer Recovery Model 

To quantify the effect of veneer stretching, a computer model was developed. This model simulates the 
formation of a veneer ribbon in terms of fishtails, random and full sheets, based on the geometric 
relationship between block and knife during peeling. The parameters taken into account in the model 
include block diameter, centering error, veneer thickness and core diameter. The output from the model 
is the recovery of solid veneer which does not possess any lathe checks (Figure 6). Obviously the 
recovery of regular veneer is higher due to presence of lathe checks. The model prediction can therefore 
be used as a benchmark for characterizing veneer recovery. 



6.4.2 Experimental Results 

To reduce experimental errors, veneer recovery was determined by measuring the block diameter after 
round up and then the total length of veneer ribbon at the end of peeling. The same round-up block 
diameter was then used to calculate what should be the veneer recovery using the model. By comparing 
the model prediction with the measurement at a given block round-up diameter, increase in veneer 
recovery due to lathe checks can be assessed. Figure 7 shows that the actual veneer length is consistently 
higher than the predicted veneer length. On average, a 5.4% increase of veneer recovery is detected due 
to lathe checks. This figure is more or less reflective of the number published in the literature. 

What should be more important in this exercise is the comparison between the incised veneer and non-
incised veneer. Unfortunately, at the time when the tests were conducted, no smooth bar was available 
for a control test. As a make-up, veneer recovery was tested under three conditions: 1) using an 
overdriven incisor bar (best condition for flattening veneer), 2) using an incisor bar but without overdrive 
(equivalent to or better than a smooth bar) and 3) without using a bar. The results were depicted in Figure 
8, from which the results under condition 1 seems to be the best and condition 2 is better than condition 3. 
Quantitatively, the recovery increases by 3.7% when an overdriven incisor bar is used. 

This increase plus the increase from reducing veneer curl-up and spin-out can approximately yield a total 
of 5% improvement in recovery when an incisor bar is appropriately implemented during peeling. 

Incising veneer at the lathe can significantly improve veneer quality and recovery. Veneer is much flatter 
when peeled with a combination of incising and overdriving during peel. Species has a very strong effect 
on veneer flatness, especially spruce. Bar overdrive seems to be as equally important as incising. For the 
mini-lathe with which the tests were carried out, a 100.5%> overdrive seems to yield the flattest veneer. 
Peeling speed and log conditioning has much less effect on veneer flatness than species and overdrive. 
Faster peeling speed and lower conditioning temperature seem to favour veneer flatness. 

According to the laboratory tests, veneer recovery can be increased by 5% from veneer stretching and 
flattening and reduction of spin-outs. An initial comparison also reveals that veneer peeled using an 
incisor bar may be lower in thickness variation and surface roughness. 

As a recommendation, further tests should be carried out to determine the effects of incising on other 
processing and performance properties such as pressing and bonding. The incising technology should be 
implemented in plywood mills, particularly in the softwood plywood mills which use a big bar lathe, 
because a incisor bar can be easily retrofitted. 

7 Conclusions and Recommendation 
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Table 1: Determination of levels for four parameters 

No. Parameter 
Treatment 

No. Parameter 
1 2 3 

1 Overdrive (%) No overdrive 100.5% 102% 
2 Speed (inch/min) 640 755 850 
3 Temperature (°C) 20 50 80 
4 Species Douglas fir Spruce Pine 

Table 2: The experimental arrangement 

Experiment 
No. 

Overdrive 
(%) 

Speed 
(inch/min) 

Temperature 
Co 

Species Log No. 
Core Real 

Temperature 
("C) 

1 No overdrive 640 20 Douglas-fir A6, A2 20 
2 No overdrive 755 50 Spruce B5, 83 28 
3 No overdrive 850 80 Pine C5, C1 50 
4 100.5% 640 50 Pine C3, C6 28 
5 100.5% 755 80 Douglas-fir A5, A8 53 
6 100.5% 850 20 Spruce 84, 87 20 
7 102% 640 80 Spruce 82, 86 50 
8 102% 755 20 Pine C4, C7 20 
9 102% 850 50 Douglas-fir A7, A4 30 



Table 3: Experimental results of individual veneer quality index 

Experiment 
No. 

Curl-u [} (Inch) Thickness (inch) Roughness (inch) Veneer 
continuity 

Experiment 
No. Average Stdev. Average Stdev. Average Stdev. 

Veneer 
continuity 

1 0.912 0.335 0.133 0.0021 0.0188 0.0058 fair 
2 0.974 0.250 0.133 0.0023 0.0183 0.0029 fair 
3 0.375 0.099 0.134 0.0024 0.0155 0.0022 fair 
4 0.239 0.045 0.133 0.0020 0.0118 0.0016 good 
5 0.766 0.229 0.134 0.0019 0.0168 0.0012 good 
6 0.414 0.227 0.132 0.0020 0.0155 0.0020 good 
7 0.617 0.260 0.135 0.0025 0.0160 0.0031 fair 
8 0.404 0.131 0.134 0.0019 0.0120 0.0035 bad 
9 0.757 0.322 0.133 0.0015 0.0200 0.0038 fair 

Average 0.606 0.211 0.133 0.0021 0.0161 0.0029 

Table 4: Analysis of veneer flatness (curl-up) and orthogonal statistical values 

No. Overdrive (%) Speed 
(inch/min) 

Temperature 
("C) Species Curl-up 

(inch) 
1 No overdrive 640 20 Douglas-fir 0.912 
2 No overdrive 755 50 Spruce 0.974 
3 No overdrive 850 80 Pine 0.375 
4 100.5% 640 50 Pine 0.239 
5 100.5% 755 80 Douglas-fir 0.766 
6 100.5% 850 20 Spruce 0.414 
7 102% 640 80 Spruce 0.617 
8 102% 755 20 Pine 0.404 
9 102% 850 50 Douglas-fir 0.757 

K l * 2.260 1.767 1.729 2.434 
K2 1.418 2.144 1.969 2.005 
K3 1.777 1.545 1.758 1.017 

k l " 0.753 0.589 0.576 0.811 
k2 0.473 0.715 0.656 0.668 
k3 0.592 0.515 0.586 0.369 
R 0.281 0.198 0.080 0.443 

Importance *** ** •* **** 

* Where K represents the total curl-up for 3 dif 'erent levels of treatment 
** and k represents the average curl-up for 3 different levels of treatement 



Table 5: Comparison of veneer quality between incised and non-incised veneer 

Veneer quality index Classified Spruce Douglas-fir Pine Average Difference 

Thickness Variation 
(STD) (inch) 

Incised 0.0022 0.0018 0.0021 0.0020 
-52% Thickness Variation 

(STD) (inch) Non-Incised 0.0042 0.0033 0.0050 0.0042 
-52% 

Roughness (inch) 
Incised 0.0170 0.0190 0.0130 0.0160 

-20% Roughness (inch) 
Non-Incised 0.0230 0.0180 0.0190 0.0200 

-20% 

Figure 1: Veneer incising peel tests using the mini-lathe 
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Comparison of veneer curl-up 
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Figure 6: A model for simulating veneer formation and recovery 
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